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Abstract

This study analyzesspatialandtemporalvariability of emissionsfrom wildland fires acrossthecontiguousUS. The
emissionsareestimatesbasedon a recentlyconstructeddatasetof historical fire recordscollected by multiple US
governmentalagencies.Both wildfire andprescribedfires have the highest emissionsover thePacific coastalstates.
Prescribedfire emissionsarealso found to be high over thesoutheasterncoastalarea.Temporalvariationsof wildfire
emissionsin variousregionsarecharacterizedby a numberof strongemissionsover thepasttwo decades,whichare
closelyrelatedto precipitationanomalies.Prescribedfire emissions,on theotherhand.showanincreasingtendencyin
recentyears.An analysisof theemissionsspecifically for the threeNationalEmissionsInventory(NFl) baseyearsof
1996, 1999,and 2002 suggeststhat theaverageof theseyearswould representfairly typical wildfire emissionsfor all
regionsexcepttheSouthwestandPacific Southwest.Prescribedfire emissionsduring the N El baseyears,on theother
hand,weremuchhigherthan the historical averagefor all regionsexcepttheSoutheast.
c 2004 ElsevierLtd. All rightsreserved.
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I. Introduction

Wildland (forests, rangeland and woodland) fires
encompassboth wild and prescribedfires. Wildfire can
be a major natural disasterthreateninghuman life and
property.Eachyear hundredsof thousandsof wildflres
burn out severalmillion acresin theUS (NIEC. 2003).
Prescribedfire is a forest managementtechniquethat
temporarilyreducesdamagefrom wildfire by removinga
portion of theaccumulatingdeadfuels (suchas duffand
logs on the forest floor) andreducingthestatureof the
developingunderstorywhen burningconditionsarenot
severe(WadeandOutealt, 1999). Theseintentionalfires
also serve as a surrogate for the historical fires by
recycling nutrients and restoringsustainingecosystem
health.

*Correspondingauthor.Tel.: + 1706-559-4240:fax: -I- 1706-
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Wildland fires releaselarge amounts of particulate
matter (PM), CO. SO2, NON. and volatile organic
compounds(VOC), which individually or in combina-
tion cancausedegradationof air quality (Sandbergetal.,
1999). All thesecomponentsexceptVOC arecriteria air
pollutantswhoseemissionsare subjectto theNational
Ambient Air Quality Standards(NAAQS) established
by the US Environmental Protection Agency (EPA)
(EPA. 2003a). It is estimatedthat the wildland fires
contribute about 15% and 8% of total PM and CO
emissions, respectively, over the southeastern US
(Barnardand Sabo, 2003). Furthermore,high levels of
03, which is alsoacriteriaair pollutant,can resultfrom
photochemicalprocessesinvolved with NO\- andVOC.

EPA recently establishedair quality standardsfor
PM2.5 and revisedstandardsfor ground-level 03 and
PM10 as aneffort to reduceregionalhazeandsmogand
to improve visibility (EPA. 2003a). Becausetheseair
quality issues are directly related to forest burning
(RiebauandFox. 2001),EPA alsoissuedthe Interim Air
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Quality Policy on Wildland andPrescribedFire (EPA,
1998)to protectpublic healthandwelfareby mitigating
the impacts of air pollutant emissionsfrom wildland
fireson air quality.

Numerous researchprojects havebeen initiated to
investigatetheair quality effects of wildland fires. For
example,theFire Consortiafor AdvancedModeling of
Meteorologyand Smoke(FCAMMS) wereestablished
as partof theNationalFire Planto manageimpactsof
wildland fireson thecommunitiesandtheenvironment
(Heilman et al., 2004). Many research tools (e.g..
BlueSky. O’Neill et al., 2003)havebeendevelopedusing
regional meteorologicalmodels such as the National
Center for AtmosphericCenter/PennState Mesoscale
Model (MM5) (Grell et al.. 1994), regional chemical
transportanddispersionmodelssuchas theCommunity
Multi-scale Air Quality (CMAQ) model (Byun and
Ching, 1999), and local smoke models such as PB-
Piedmont(Aehtemeier.2001)to simulateandpredictthe
effectsof wildland fires on air quality.

A fundamentalandyetchallengingprerequisiteto any
meaningfulassessmentof theeffectsof wildland fire on
air quality is to accurately estimate wildland fire
emissions. A few large-scalefire emission inventories
havebeendeveloped(Battyc andBattye,2002). includ-
ing those for nation-wide prescribed fires in 1989
(Petersonand Ward, 1993; Wardet al., 1993), wildflres
during 1986— 992 and prescribedfires over 10 western
statesin 1990 and 1995 (GCVTC, 1995), and wildflres
over II westernstates(Hardy et al., 1998). In addition,
EPA developed an inventory for 1985—1995 using
PetersonandWard (1993)for prescribedfires. GCVTC
(1995) for wildfires in the westernstates,andindepen-
dent estimatesfor wildflres in the east.The mostrecent
and comprehensiveeffort was the developmentof the
National EmissionsInventory(NEI) for the threebase
yearsof 1996, 1999, and 2002 (EPA, 2003b).Wildland
fire is amongvariousemission sourcesin NEI. NEI is
extremelyvaluable for understandingspatial distribu-
tion of wildland fire emissionsandtheir contribution to
total concentrationsof variouscriteria air pollutants.

Wild and prescribed fires are closely related to
atmosphericconditions.Becauseof thedramaticinter-
annualvariability in atmosphericconditions,emissions
from the fires changesignificantly from one year to
another. As a result, the concentrationof any fire
emission component of one NFl base year could
significantly depart from its multi-year average. Also
the magnitudeof the departure could be different
betweengeographicregions.Theseissuesare of para-
mount importanceto understandingwhat intensitylevel
the NEI wildland fire emissions representand how
scenariosareestablishedto projectfuture fire emissions
basedon theNEI emissions.

The US Department of Interior Bureau of Land
Management (DOI BLM) recently developed the

FederalFire History Internet Map ServiceInterface, a
wildland fire information system (BLM, 2003). The
millions of historicalfire recordsoverthecontinentalUS
for the long period of 1980—2002 allow analysesof
statistical featuresof fire emissionssuchas multi-year
average,which is an important quantity for evaluating
the issueconcernedwith the NEI fire emissions.This
study analyzes spatial and temporal variability of
wildland fire emissionsacrossthecontiguousUS using
the BLM historic fire dataanddiscussesthe NEI-related
issuesbasedon the analyzedresults.Thedependenceof
theseemissionsupon atmosphericconditionsareexam-
ined to determinetheimpactsof environmentalfactors
on the temporalvariability in wildfire emissions.

2. Dataandmethod

2.]. Fire and meteorological data

The parametersprovided by the BLM fire informa-
tion system include size (in acres),number, location
(statesor regions),types (wildfire suppression,natural
outs, support actions,prescribedfire, andfalse alarm),
causes,and agency (BLM, Bureau of Indian Affairs,
Fish andWildlife Service, National Park Service, and
USDA FS). Thedatausedfor emissionestimatesin this
study are monthly totals of area burnt by wild and
prescribedfires by state(just the 48 contiguousstates)
during 1980—2002 for anycausefrom all agencies.The
wildflres are comprised of the fire types of wildfire
suppressionandnaturalouts.

The meteorologicaldata are monthly precipitation
and mean surface air temperaturefor eachof the 48
continental states during 1980—2002. They were ob-
tainedfrom theUS NationalClimateDataCenterof the
National Atmospheric and Oceanic Administration
(NOAA). Note that onestatemayhavemorethan one
weather regime. For example, the rainy season is
different betweensouthernandnorthernCalifornia. As
a result,it might be inappropriateto usea singlerelation
betweenatmosphericconditionsand fire emissionsfor
thesetwo regions.

2.2. Emissionestimates

The methodto calculatewildland fire emissionsis the
same as that used in developing NFl (EPA, 1995.
2003b):E

1=F~ A, whereE~ is emission(in mass)of the
componenti: A land areaburned;and F~ emission per
unit areaburned,determinedby F,= Si L, whereL and
S~ areeffective fuel consumptionor fuel loading factor
(massof forest fuel per unit land area burned) and
emission faetor (massof pollutant per unit mass of
forestfuel consumed),respectively.Table I lists thefuel
loading factors for the 10 US geographicregions (see
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Fire type Region

N RM SW IM PS PN S SE NC NE

Wild 60 30 10 8 18 60 9 9 11 II
Prescribed 47.3 23.7 7.9 6.3 14.2 47.3 7.1 7.1 8.7 8.7

N. RM. SW, IM, PS,PN,S. SE.NC andNE representNorthern,RockyMountain.Southwestern,Intermountain,PacificSouthwest,
PacificNorthwest,Southern,Southeast,North Central,andNortheast.
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Fig. 1. The averagesof the annualfire number(a),burnedarea(b). and consumedmass(c) of the contiguousUS statesover 1980—
2002.The solid andvoid barsrepresentwildflres andprescribedfires. Theheavy(light) horizontalline representstheaverageoverall
the statesof wildfire (prescribedfire). Listed under thesestatesare N, RM, SW, IM, PS,PN. 5, SE. NC, andNE regions.

Fig. I for thestatesincludedin eachregion). Theregions
North(N) throughPacificNorth (PN) correspondto the
USDA Forest Service Regions 1-—6, respectively, the
regions South (5) and Southeast (SE) combined
correspondto Region 8, andthe regionsNorth Central
(NC) and Northeast (NE) combined correspond to
Region9. Thefuel loadingfactorsfor wildfire in Table I
are adopted from AP-42 Table 13-1.2 and those for
prescribedfire are obtainedby multiplying the corre-
sponding values for wildfire by a factor of 8.2/10.4
(EPA, 2003b).Thevaluesarethesamefor all pollutants.

Table 2 lists emission factors. Thosefor all wildfire
emission componentsand for prescribedfire emissions
of SO2 NO_ VOC, and CO2 are the same for all
regions. Prescribedfire emission factors for PM25,
PM1~, andCO aredifferentiatedby regions.The values
for all compoundsexceptCO2 areadoptedfrom AP-42

Tables12.1-2 and 13.1-4 (EPA 1995). TheCO2 emission
factor is adoptedbasedon the flaming fire emission
factor(BattyeandBattye,2002,Table39) andHao et al.
(2002). Note that the regions in Table 2 do not match
thosein Table 1. It is assumedin this analysisthat the
emissionfactorsfor RockyMountains (RM) in Table 2
apply to N, RM, and Intermountain(IM) in Table 1,
Pacific Southwest(PS) in Table 2 to SW and PS in
Table 1, Southeast(SE) in Table 2 to S and SE in
Table1 andNorthCentralandEast(NCE)in Table2 to
NC andNE in Table 1.

3. Statisticalfeaturesof fires andweatherconditions

Fire number,burnedarea,andconsumedfuel of each
stateaveragedover the period of I 980--2002are first

Table 1
Fuel loading factor (ton acr&’)
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Table 2
Emissionfactor (lb ton

Fire type

Wild

Region

All

Emission component

PM
25 PM10 CO SO2 NO. VOC CO2

11.7 13.0 140.0 0.15 4.0 19.2 3500.0

Prescribed PN 18.8 20.6 222.2 0.15 5.0 12,8 3500.0
PS 23.4 26.0 202.0 (All regions)
SE 33.84 37.6 268.0
RM 21.42 23.8 166.8
NCE 25.20 28.0 287.6

PN, PS,SE, RM, andNCE representPacific Northwest,Pacific Southwest,Southeast.Rocky Mountain, and North Centraland
Eastern.

25
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Fig. 2. Theaveragesof annualprecipitation(solid bars)and air temperature(void bars)of the contiguousUS statesover 1980—2002.
Thehorizontalline representstheaverageof eachvariableoverall thestates(seeFig. I for thedefinition of theregionsshowingbelow
the states).

presentedto understandthe relationshipsbetweenfires
and associatedemissionsof various gaseousand PM
pollutants(Fig. I). On averageonestatehadabout310
wildfire eventsper year(Fig. Ia). The fire numberswere
closeto or abovetheaveragein thestatesof thewestern
regions(N. RM, SW, IM, PS. andPN) exceptNebraska
and Kansas. The number in California, Arizona,
Oregon,Idaho.andMontanaeachwasabout3—7 times
of theaverage.Minnesotawastheonly statein theother
regionswhosefire numberwasabovetheaverage.On an
averageeachstatehad about 10 prescribedfire events
per year.The numberin Oregan,California,Florida, or
Washingtonwaswell abovethe average.

The areasburned by wild and prescribed fires were

about 41,000 and 2660 acres per year, respectively,
averaged over thecontiguous US states(Fig. Ib). In
accordancewith the largerfire numbers,moststatesin
the western regions had more burnedareas than the
average.Among thestateswith large wildfire number,
California, Oregon,andMontanaalsohadlargeburned
areas.The burnedareain Arizona, however,wasonly
abouttwice of theaverage.Nevada,on theother hand,
hadaburnedareaaboutsix timesof theaverage,though
it hadthewildfire numberonly aboutone-thirdasmany

asArizona. This indicatedthat individual wildfires in
Nevada were more intensive in most cases. For
prescribedfires, the most significant feature was the
large burned area in Florida, which was even much
larger than that in every western state.

The consumedfuel, obtainedfrom theproductof the
fuel loadingfactorlisted in Table2 andtheburnedarea
depictedin Fig. lb. wasabout940,000 and41,900tons
averagedover thecontiguous US statesfor wild and
prescribedfires, respectively(Fig. Ic). Becauseof the
large fuel loading factorsfor the N andPN regions,the
valuesin Oregonfor both wild and prescribedfiresand
in Montana for wildflres were extremely large. In
contrast, the value in Florida for prescribedfires was
relatively small despite the large burned area.

Precipitationandthesurfaceair temperatureof each
stateaveragedover the period of 1980—2002 are also
presented to understand the relationships between
atmosphericconditionsand the fire emissions(Fig. 2).
Annual precipitationandair temperatureaveragedover
the contiguous stateswere about 900mm and 12

0C,
respectively.Both meteorologicalvariablesweremostly
below their correspondingaveragesin thestatesof N,
RM, andIM. It wasoppositefor thestatesof S andSE.
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SWand PS had below-average precipitation but above-

average air temperature, while NC and NE mostly had
above-averageprecipitation and below-averageair
temperature. Precipitation and air temperaturewere
close to or a little below their corresponding averages.

4. Emissions

4.]. Spaiial variability

Becauseof differencesin climate, fuels, topography
and fire managementpractice, wildfire as well as
prescribed fire emissions vary across the continental
US. Fig. 3 shows geographic distribution of annual

PM5 emissionsaveraged over the analyzed period
(distributions of other componentsare similar). An
interpolation technique (Englich, 1968) was used to
convertthevaluesfrom statesto ameshof 97 x 61 grid
points. This techniqueappliesa weight factor, which
15 Inverselyproportionalto thedistancebetweenagrid
point and a state. Wildfire emissions of about
120kgkm

2 are found in the Pacific Northwest. The
emissionsare relatively small in the east. Prescribed fire
emissions are also the highest over Pacific Northwest
(about lOkgkm2). However, the emissionsin the SE
coastbecomeimportant. In addition, there are large
emissionsin the SW and Northern regions.Prescribed
fire emissionsaremuchsmallerthan thosefrom wildfire
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in most regions.The prescribedfire emissionsin the
Pacific Northwest,for example,arelessthan one-tenth
the correspondingwildfire emissions.

Fig. 4 shows the multi-yearaveragesof wildfire and
prescribed fire emissions for the contiguous US by
regions. For PM

25 emissions,the Pacific Northwest,
Pacific Southwest, and Northern regions have the
highest wildfire emissions,and the first two regions
together with the SWhave the highest prescribed fire
emissions. Note that, despite the high prescribed fire
emissionsover the southeastern coast, the average over
entireSE is low dueto the smallemissionintensity over
most of its inland area.The emissionsfor PM10, VOC
and NO~ are roughly comparableto PM2.5, while the
emissionsof other componentsare significantly differ-
ent. CO and CO9 are about 10 and 100 times larger,
respectively,while SO2 is about100 times smaller.They
reflect the differences in the emission factors shown
in Table 2. The spatial patterns of these emission
componentsaresimilar to that of PM25

4.2. Interannual variations

Fig. 5 depicts temporalvariations of annualPM2.5
wild and prescribedfire emissionsbetween 1980 and
2002 by regions. The emissions are normalized by
subtractingthe original emissionsfrom the multi-year
averagedivided by thestandarddeviation(SD),that is,
EiflOYI~Ci(t) = [E(t) — E1/EI.~d,where£ is themulti-year

averageand EI~d = {I/T Z>1EEi(l) — is SD,

with being the number of years. All regions display
remarkable variability of wildfire emissions,character-
ized by a number of strong emission events and a
relatively quiet episodeup to a decadelong betweentwo
strongemissionevents.Peakannualemissionsby region
are as follows: N (1988), RM (1988), SW (2002). IM
(1999), Pacific Southwest (1987), Pacific Northwest
(2002), 5 (1994). SE (1989), NC (1987), and NE
(1991). Thedeparturefrom themulti-year averagewas
up to four times as largeas theSD. All regionshadat
least one aboveaverageyear between1987 and 1989,
between 1999 and 2002 and, except for the Southeast
between1994and 1996.

Thenumberandstrengthof emissioneventsabovethe
regionalaveragevariesbetweengeographicregions.For
example,all regionsexcept lM, PacificSouthwestandS
have experienced a year where departure from the
averagewasat least2.5 times the SD. The N region had
the highest positive departurewhile the Southernhad
the highestnegativedeparture.The N and RM regions
exceeded the average the fewest times, 5 and 4,
respectively, while the S and NC exceeded the norm
the greatestnumber of times, 13 and 10, respectively.
Thenumberof yearsin a row that theaveragehasbeen
exceededandthenumberof suchepisodesalso variesby

00
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25

55
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Fig. 3. Spatial distribution of annualPM25 emissionsfrom
wild (a) andprescribed(b) fires (kgkm

2 ).
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Fig. 4. Regionalemissionsof variousPMand gasesfrom wildland fires(a—g).Thesolid andvoid barsrepresentwildfire andprescribed
fire emissions,respectively.

regionwith the RM neverrecording a multi-year event
while the Southernregion has experienceda 7-year
episode lasting from 1994 through 2000 and a 5-year
episode from 1987 through 1991. No region has had
more thantwo suchpositive episodesandall exceptthe
Southhavehad severalmulti-year negativedepartures
from the norm.

Prescribedfire emissionsvary in a totally different
waythanwildfire emissionsfor all regionsexceptthe SE.
The N, SW, IM, PacificNorthwest.NC, andNE did not
exceed the averageuntil 1990 or later and remained
small until at least 1995 which is simply a reflection of
the lack of prescribedfire in thoseregions.Sincethelate
I990s, however, emissionsacrossall regionsexceptthe
SE and NE havegreatly exceededthe averagemost
years.manysnorethan 2.5 timesas largeas theSD.The
below average prescribed fire emissions in the SE
between1998 and 2001 reflect the severedrought that
grippedthis regionduring that time.

The wildfire emission SD (figure not shown) is twice
as large as the averagefor the Northern region and

almost the samefor thePacific Northwest and Pacific
Southwestregions. The prescribedfire emission SD is
also twice as large as the average for the Pacific
Northwestregion. This resultindicateslargevariability
over time in someregions.

4.3. Seasonalcycle

Fire emissionsdisplaystrongseasonaldependence,in
responseto theseasonalvariationsin acreageburnedby
wildland fires in the US. Fig. 6 showstheseasonalcycle
of the percentageof monthly to annualPM25 emissions
(seasonalcycleis thesamefor all emissioncomponents).
In the six westernregions(a—f), largepercentagesof IS
or more occur over a period of 2---4 months,which is
referredto as wildfire seasonhereafter.The percentage
in oneortwo summermonthsduringwildfire seasoncan
exceed40. In the remaining four more easternregions
(g—j), on the other hand,thesituation is reversedwith
the largestpercentageoccurringOctoberthrough May.
The NE and NC regions are strongly bimodal with a
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Fig. 6. Seasonalcycles of PM25 emissionsfor various regions(a—i). The solid and void barsrepresentwildfire andprescribedfire
emissions,respectively.

accompaniedwith little anomaliesin both precipitation
andtemperature.

These results suggest that dry and hot weather,
especiallylarge negativeprecipitationanomalies,would
be a good predictor for high emission years. The
correlationcoefficients (Fig. 8) provide a quantitative
measureof how closelythewildfire emissionsarerelated
to atmosphericconditions. The correlation with pre-
cipitation exceedsthe95%significancelevel (thecritical
correlationvalue is nearly0.4) in the six westernregions;
TheSE andNC comecloseto reachingthisthresholdas
well. The correlationwith meansurfaceair temperature.
on theotherhand,exceedsthelevel only in two regions:
theRM andSW. This result suggestsdifferent wildfire
emission-favoriteatmosphericconditions for distinct
geographic regions. In general, moist atmospheric
conditionsare more important than the thermal ones,
and atmosphere-emissionrelationshipsare more im-
portant in thewest than east.

6. Summaryanddiscussion

Spatial and temporal variability of wildfire and
prescribed fire emissions across the contiguous US
has been analyzed using a historical fire dataset
developedby the US Bureau of Land Management
(BLM). The major findings are: (I) Large wildfire
emissions occur only in those states bordering the
Pacific Ocean,while prescribedfire emissionsarelarge
in thesestatesand in thesoutheasterncoastalarea. (2)
Wildland fire emissions have significant interannual
variability, as demonstratedby theoccurrenceof some
strong wildfire emission events over the past two
decades,and the dramatic increasein prescribedfire
emissionsoverall regionsexceptthe SE in recentyears.
(3) The most conducive atmosphericcondition for
strongwildfire emissionsin most regionsis dry weather.
High temperaturealsocontributesto strongemissions
in the RM area. Atmospheric condition plays a less
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Fig. 7. Temporalvariationsof normalizedprecipitation(solid lines)and meansurfaceair temperature(dashedlines) for various
regions(a—i) averagedoverthe fire seasons.Also shownarethecorrespondingwildfire emissionsof PM25 (bars).

Fig. 8. Correlationcoefficientsbetweenwildfire PM25 emis-
sinus and precipitation (solid bars), and mean surface air
temperature(void bars)of the fire seasons.Thehorizontal line
indicatesthe critical correlationvalue at the 95% significance
level.

important role in wildfire emissionsin thesouthernand
easternregions.

Theseresultsmay haveimportantimplications for the
NFl. In Fig. 5. theemissionestimatesbasedon theBLM
datacorrespondingto the three NEI baseyears are
highlighted.Wildfire emissionswereaboveaverageall 3
NEI baseyearsin the Pacific Southwestand Southern

regions and were above average at least one of the base
years in all regions except the Northern region. At least
one of the baseyearswas a strong event in all regions
except the Northern and NC regions and two of the

threebaseyears were strong event years in the SE, IM,
6 California, andPacific Northwestregions.On theother

hand,prescribedfire emissionsfor 1999 and 2002 are
much larger than the multi-year averages at most
regions, which is dueto theincreaseduseof prescribed
fire in all regions except the S and SE. The 1996
emissionsaremostlycloseto the averagesat all regions
exceptthe Pacific SouthwestandNE where 1996 wasa
strong event year. All three base years were above
averagein the SW, Pacific Northwest,andNC regions.

This analysissuggeststhat the averageof the three
NEI emissionbaseyearswould representfairly typical
wildfire emissionsfor all regions except the SW and
Pacific Southwest.Prescribedfire emissionsduring the
NEI baseyears,on theother hand,were much higher
than thehistorical averagefor all regionsexceptthe SE.
If, however,thenumber of acresannuallytreatedwith
prescribed fire continues to expand throughout the
contiguousUnited States,the NFl baseyears may in

fact representthe emergingsituation fairly well.
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Fire weather elements such as precipitation and
temperaturehave proved to be useful predictors at
seasonalandinterannualscales(e.g., Klein et al., 1996),
which are attributed to atmosphericinteractionswith,
e.g.. sea surface temperature (SST) and soil moisture
which have longer memory than the atmosphere (e.g.,
Cane, 1992; Liu, 2003). Theclose relationshipbetween
wildland fire emissions and precipitation for most
regionsas well as temperaturein someregionsprovides
a basisfor predictingpossiblestrongemissionsduringa
fire seasonin these regionsbasedon long-term varia-
tions of thesetwo meteorologicalelements.

A major shortcoming in this analysisis the uncer-
tainty in burning areas.The BLM data include only
burnings on federal lands, while those of state and
privatelandsand Departmentof Defenselands,which
togethercontributeto a substantialportion of the acres
burned in the 5, aremissed. Missing reportsand the
differencebetweentheacreageplannedandthatactually
burnedareotherlargeerrorsources.It is expectedthat,
however,this shortcoming,as well astheuncertaintiesto
be discussed below, would affect mainly on the
magnitudeestimatesof fire emissionsand their spatial
distribution,but little on temporalvariability.

Uncertainties in fuel loading and emissions factors
also causeerrors in emission estimates.WRAP (2002)
estimated fuel loading factors for the National Fire
Danger Rating System(NFDRS) fuel model categories
(Cohen and Deeming, 1985). The fuel consumption
factors for the contiguous statesrecently obtainedby
EC!R (2003) basedon theWRAP fuel loading factors
andfuel classificationmapareconsiderablysmallerthan
those in Table I for the westernstates. Fire emission
estimatesusing thenew fuel consumptionfactors(figure
not shown) display apatterngenerallysimilar to what is
seenin Fig. 3, but thewildfire emission center is shifted
from thePacific Northwestto Pacific Southwestwith a
smallermagnitude.

The prescribedfire (flaming fire) emission factors in
Battyc andBattye(2002)are16.1, 18.9, and 165lb tont
for PM

25, PM10, and CO (independentof geographic
regions),which aresmallerthan thecorrespondingones
in Table 2. Hao et al. (2002) derived prescribedfire
emission factors of 7.9—34.5, and 99—264lb toW’ for
PM25 andCO from a 1996 field studyin the SE US in
1996, thatdemonstratedthewide rangein theamountof
pollutant produced.
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